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(57) ABSTRACT

An optoelectronic device 1s disclosed. The optoelectronic
device may be employed as a single or multi-channel opto-

coupler that electrically 1solates one circuit from another
circuit. The opto-coupler may include one or more folded
leads that establish an enhanced 1solation gap. The enhanced
1solation gap may include an interruption 1n the isulation of
the opto-coupler between the light source and the light detec-
tor. In addition, this interruption may further include a effi-
ciency enhancer, or lens, to direct light emitted from the light
source. Accordingly, the creepage distance and operational
voltages of the opto-coupler can be increased while maintain-
ing high efficiency levels.

20 Claims, 16 Drawing Sheets
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FACE-TO-FACE OPTO-COUPLER DEVICE
AND METHOD OF MANUFACTURE

FIELD OF THE DISCLOSUR.

L1l

The present disclosure 1s generally directed toward opto-
clectronic devices and, 1n particular, opto-coupling devices.

BACKGROUND

In electronics, an opto-coupler, also referred to as an opto-
1solator, photocoupler, or optical 1solator, 1s an optoelectronic
device designed to transier electrical signals by utilizing light
waves to provide coupling with electrical 1solation between
its mnput and output. One goal of an opto-coupler 1s to prevent
high voltages or rapidly changing voltages on one side of the
circuit from damaging components or distorting transmis-
sions on the other side.

A typical opto-coupler includes a light source, such as a
Light Emitting Diode (LED), a photodetector, and an insula-
tion medium. As the name suggests, an optical path needs to
be created between the LED and photodetector via the 1nsu-
lation medium. This 1s traditionally done by using an opti-
cally-transparent material such as silicone to create the light
path. The insulation medium not only acts to allow the trans-
mission of light from the LED to the photodetector, but the
insulation medium also electrically insulates the mput and
output sides of the circuit.

Certain applications have stringent design rules regarding
the true distance between the high voltage and low voltage
side of the circuitry. In opto-couplers, the true distance
between the high voltage side and low voltage side of the
Printed Circuit Board (PCB) translates to be the closest
metal-to-metal distance within the opto-coupler. This dis-
tance 1s oiten referred to as the opto-coupler’s Distance
Through Insulation (DTI), creepage distance, or the like. It
should be appreciated that the DTI of opto-couplers 1s an
important design consideration/constraint.

In particular, the specific dimension of an opto-coupler’s
DTI can influence the reliability and safety of the opto-cou-
pler itself. For example, a thin insulation medium may cause
increased electrostatic stress on the insulator of an opto-
coupler during normal operation or discharge/surge events.
Traditionally, by increasing the thickness of the insulation
medium the stress on the insulator can be considerably
reduced. However, as a result the efficiency and/or perfor-
mance of the opto-coupler may be significantly decreased.

SUMMARY

It 1s, therefore, one aspect of the present disclosure to
provide an improved opto-coupler design that overcomes and
addresses the above-mentioned 1ssues. In particular, embodi-
ments of the present disclosure provide an opto-coupler with
a folded leadirame design and a light conduit or optical effi-
ciency enhancer disposed between the light source and the
photodetector. By folding the leadirame one or more times,
an 1ncreased DTI 1s achieved. Including an efliciency
enhancer (e.g., a lens, silicone, air, combinations thereof, etc.)
between the light source and the photodetector provides for
an even greater DTT with improved optical coupling charac-
teristics. In some embodiments, an increased DT 1n a hori-
zontal aspect (e.g., an original plane of the leadirame and the
larger dimension of the opto-coupler) 1s achieved. Further-
more, the opto-coupler design may comprise co-planar lead-
frames on the input and output side and the one or more folds
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of the leadirame can increase the DTI in the same plane (e.g.,
the horizontal plane) as the leadirames are situated.

In accordance with at least one embodiment of the present
disclosure the efliciency enhancer may comprise a noncon-
ductive or insulative element (e.g., air, silicone, glass, plastic,
and the like). In general, this efficiency enhancer may be
configured to resist the flow of electric charge. Among other
benelits, utilizing a nonconductive or insulative efficiency
enhancer between the light source and photodetector of an
opto-coupler allows the performance, safety, and reliability
ol the opto-coupler to be maintained while increasing the DTI
considerably.

Additionally or alternatively, the efficiency enhancer may
be configured to focus and/or enhance the transmission of
light from the light source to the photodetector. In one
embodiment, the efficiency enhancer may comprise a con-
verging lens oriented such that light output from the light
source 1s Tocused toward the photodetector of the opto-cou-
pler. In another embodiment, the efficiency enhancer may
comprise one or more lens elements configured to direct light
to the general area of the photodetector. In some embodi-
ments, this efliciency enhancer may include a convergent
portion, divergent portion, and/or combination lens design.

It 1s an aspect of the present disclosure to provide an effi-
ciency enhancer disposed between the photodetector and
light source of an opto-coupler by creating a gap 1n a first
mold material, where the first mold matenial 1s used as an
internal insulation of the opto-coupler. In other words, the gap
may be pre-formed by molding the first mold material around
a specific volume disposed between the light source and the
opto-coupler. Provided that this gap 1s at least somewhat
translucent, 1t can act as the efficiency enhancer to enable the
function provided by the opto-coupler. In some cases, the gap
itsell may serve as the efliciency enhancer. The specific vol-
ume may comprise a structure 1n the form of solid, hollow, or
a combination solid and hollow construction. In one embodi-
ment, the specific volume may remain 1n 1ts molding position
after the internal insulation material has cured or set. This
specific volume may comprise elements that are transparent,
translucent, and/or combinations thereof. Moreover, the spe-
cific volume may be designed 1n any number of shapes and/or
s1zes and may include one or more lens element. For example,
the leadiframe of the opto-coupler may include one or more
features to capture and/or position a lens, or elliciency
enhancer, 1n a position between the light source and photo-
detector. These one or more features may be folded, bent,
and/or cut to cradle or otherwise restrict the movement of a
lens or efficiency enhancer. Furthermore, the lens may be
bonded (e.g., via UV curing, adhesive, pressure-sensitive
adhesive, clamping, or the like) to the one or more features of
the leadirame to capture the lens while the first molding
material 1s itroduced to the opto-coupler during the manu-
facturing process.

In some embodiments, the specific volume may be
removed from the molded insulation material to form a void
between the photodetector and the light source of the opto-
coupler. As can be appreciated, the specific volume used to
create this void may include molding draft angles to aid 1n 1ts
removal from the molded insulation material. It 1s a further
aspect of the present disclosure that the void may be used as
a receptacle for recerving a lens, light directing element, light
diffusing element, and/or as an air gap between the imsulation
in contact with the light source and the insulation 1n contact
with the photodetector. In the event that a space 1s created
between the void and any elliciency enhancer (e.g., the space
between a lens and the interior walls of the void, an air gap,
and the like), the void may need to be capped or otherwise
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sealed before a second mold material 1s used to encapsulate
the first molded material. Typically, this second mold material
may be opaque 1n 1ts appearance and as such may block the
transmission of light. As can be appreciated, the cap or seal
may comprise but 1s not limited to materials such as polyim-
ide adhesive tape, Kapton® tape, polymers, cellulose, cello-
phane, glass, or other materials that can be used to cover the
void 1n the first mold material. In some cases, the cap or seal
may be aflixed to the first mold material and/or the efficiency
enhancer to cover the void. Aflixing may be accomplished via
UV curable adhesive, thermosetting epoxies, thermal bond-
ing, thermal heat staking, adhesive layers, clamping, fasten-
ing, welding, ultrasonic welding, soldering, and/or combina-
tions thereof. It 1s an aspect of the present disclosure that the
cap or seal may be included to prevent the second mold
material from entering the void area and/or blocking the
elficiency enhancer/light path provided by the void.

In some embodiments, both an input side of the leadirame
and an output side of the leadirame are folded across an 1nput
side fold line and output side fold line, respectively. The
sensitive components of the opto-coupler (e.g., optoelec-
tronic devices, wires, etc.) may be provided on one side of a
fold line whereas other parts of the opto-coupler (e.g., lead
ends) may be provided on the other side of a fold line.

It should be appreciated that any number of folds and fold
lines can be accommodated by embodiments of the present
disclosure. In some embodiments, the mnput and output sides
of the leadirame may be folded from anywhere between 0 and
180 degrees and the different sides of the leadirame may be
folded 1n the same or opposite directions. More explicitly,
both the input and output side may be folded up or down.
Alternatively, the input side may be folded up whereas the
output side may be folded down or vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s described 1n conjunction with the
appended figures, which are not necessarily drawn to scale:

FIG. 1A 1s top view of an opto-coupler 1n a first manufac-
turing step 1n accordance with embodiments of the present
disclosure:

FIG. 1B 1s a side view of the opto-coupler depicted in FIG.
1A;

FIG. 2A 1s a top view of an opto-coupler in a second
manufacturing step 1n accordance with embodiments of the
present disclosure;

FI1G. 2B 1s a side view of the opto-coupler depicted 1n FIG.
2A;

FIG. 3A 15 a top view of an opto-coupler 1n a third manu-
facturing step 1n accordance with embodiments of the present
disclosure:

FI1G. 3B 1s a side view of the opto-coupler depicted 1n FIG.
3A;

FIG. 4A 1s a top view of an opto-coupler 1n a fourth manu-
facturing step 1n accordance with embodiments of the present
disclosure:

FI1G. 4B 1s a side view of the opto-coupler depicted in FIG.
4A;

FIG. SA 1s a top view of an opto-coupler 1n a fifth manu-
facturing step 1n accordance with embodiments of the present
disclosure;

FI1G. 5B 1s a side view of the opto-coupler depicted 1n FIG.
SA;

FIG. 6A 1s a top view of an opto-coupler 1n a sixth manu-
facturing step 1n accordance with embodiments of the present
disclosure:
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FIG. 6B 1s a side view of the opto-coupler depicted 1n FIG.
0A;

FIG. 7A 1s a top view of an opto-coupler in a seventh
manufacturing step 1n accordance with embodiments of the
present disclosure;

FIG. 7B 1s a sectioned side view of the opto-coupler
depicted 1n FIG. 7A;

FIG. 8A 1s a top view of an opto-coupler 1n an eighth
manufacturing step 1n accordance with embodiments of the
present disclosure;

FIG. 8B 1s a sectioned side view of the opto-coupler
depicted 1n FIG. 8A;

FIG. 8C 15 a sectioned side view of a first embodiment of
the opto-coupler depicted in FIG. 8A;

FIG. 8D 1s a sectioned side view of a second embodiment
of the opto-coupler depicted in FIG. 8A;

FIG. 8E 1s a sectioned side view of a third embodiment of
the opto-coupler depicted in FIG. 8A;

FIG. 9A 15 a top view of an opto-coupler 1n a mnth manu-
facturing step 1n accordance with embodiments of the present
disclosure:

FIG. 9B 1s a side view of the opto-coupler depicted 1n FIG.
9A;

FIG. 10A 1s a top view of an opto-coupler 1n a tenth manu-
facturing step 1n accordance with embodiments of the present
disclosure:

FIG. 10B 1s a side view of the opto-coupler depicted 1n
FIG. 10A;

FIG. 11 1s a flow chart depicting a method of manufactur-
ing an opto-coupler 1n accordance with embodiments of the
present disclosure;

FIG. 12 A 1s atop view of an integrated lens opto-coupler in
a fifth manufacturing step 1n accordance with embodiments
of the present disclosure;

FIG. 12B 1s a side view of the opto-coupler depicted 1n
FIG. 12A;

FIG. 13 A 1s atop view of an integrated lens opto-coupler in
a s1xth manufacturing step in accordance with embodiments
ol the present disclosure;

FIG. 13B 1s a side view of the opto-coupler depicted 1n
FIG. 13A;

FIG. 13C 1s a side view of the opto-coupler depicted 1n
FIG. 13A with attached lens element in accordance with
embodiments of the present disclosure;

FIG. 14 A 1s a top view of an integrated lens opto-coupler in
a seventh manufacturing step in accordance with embodi-
ments of the present disclosure; and

FIG. 14B 1s a sectioned side view of the opto-coupler
depicted 1n FIG. 14A.

DETAILED DESCRIPTION

The ensuing description provides embodiments only, and
1s not itended to limit the scope, applicability, or configura-
tion of the claims. Rather, the ensuing description will pro-
vide those skilled in the art with an enabling description for
implementing the described embodiments. It being under-
stood that various changes may be made in the function and
arrangement of elements without departing from the spirit
and scope of the appended claims.

As can be seen i FIGS. 1-10 and 12-14, various configu-
rations of optoelectronic devices, opto-couplers, and interme-
diate opto-coupler configurations are depicted and described.
Although many of the opto-couplers depicted 1n the figures
correspond to opto-couplers at intermediate stages of manu-
facturing, one of ordinary skill in the art will appreciate that
any of the intermediate products described herein can be
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considered an opto-coupler. In other words, one or more of
the optoelectronic devices may be employed as opto-couplers
or as components within a coupling system. In some embodi-
ments, the opto-coupler devices described herein may be
incorporated into any system which requires current and/or
voltage monitoring, but 1s susceptible to transients. In some
embodiments, the coupling system 1n which the opto-coupler
devices described herein 1s rated to operate at about 5 kV, 10
kV, or more. Stated another way, the input side (e.g., a high-
voltage side) of the opto-coupler device may be directly con-
nected to a 5 kV, 10 kV, 15 kV or greater source without
damaging the opto-coupler device or any electronic devices
attached to the output side (e.g., a low-voltage side) of the
opto-coupler device. Accordingly, the coupling system which
employs the opto-coupler devices disclosed herein may be
configured to operate 1n high-voltage or high-current systems
but may also be configured to separate the high-voltage or
high-current systems from a low-voltage or low-current sys-
tem.

Referring mitially to FIGS. 1-11, a process of manufactur-
ing an opto-coupler according to a first possible configuration
will be described 1n accordance with embodiments of the
present disclosure. It should be appreciated that the method
steps described herein (e.g., the steps of FIG. 11) may be
performed 1n any order and are not limited to the examples
described herein. Moreover, the method described herein can
be used to manufacture any type of opto-coupler device
described herein, including any intermediate opto-coupler or
alternative opto-coupler configuration (e.g., the opto-coupler
of FIGS. 1-10 or the opto-coupler of FIGS. 12-14).

At a first step, a sheet 100 comprising a leadiframe 104 for
an opto-coupler 1s recerved (step 1104). The sheet 100, 1n
some embodiments, may correspond to a sheet of metal. The
received leadirame 104 may have features for creating a
single opto-coupler device or multiple opto-coupler devices.
In some embodiments, the leadirame 104 may have features
for simultaneously creating a plurality of opto-coupler
devices. Specifically, the sheet of metal 100 may comprise a
two-dimensional array of working spaces where each work-
ing space comprises the features of the single opto-coupler
depicted 1n FIGS. 1A and 1B. Accordingly, although embodi-
ments of the present disclosure will describe the process for
manufacturing a single opto-coupler device, it should be
appreciated that such steps may be duplicated 1n simulta-
neously or in parallel to increase the number of opto-couplers
that are manufactured by a given process at a given time.
Moreover, certain manufacturing steps described herein may
be performed 1n an order other than that described or two or
more steps may be combined 1nto a single manufacturing,
step.

Referring back to FIGS. 1A and 1B, the leadirame 104 may
comprise a plurality of features that have been created to
establish various parts of an opto-coupler. These features may
have been created 1n the leadirame 104 by any suitable pro-
cess such as stamping, cutting, etching, etc. Specifically, a
sheet of conductive material may have certain portions
removed therefrom to establish discrete conductive elements.
The conductive elements of the leadirame 104 may be con-
structed of metal (e.g., copper, silver, gold, aluminum, steel,
lead, etc.), graphite, and/or conductive polymers.

In some embodiments, the recerved leadirame 104 com-
prises a first side 108 and a second side 112 separated by an
isolation gap 116. As can be seen 1n FI1G. 1B, the leadiframe
104 may itially be recerved 1n a planar form (e.g., as a
sheet). Thus, the 1solation gap 116 initially comprises a first
length that corresponds to a shortest distance between leads
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1solation gap 116 1s substantially entirely 1n the original plane
of the leadirame 104. For conversational purposes, the origi-
nal primary plane of the leadirame 104 may be referred to as
the x-direction or x-plane and the thickness of the leadframe
104 may be considered to be in the y-plane or y-direction.
Thus, the 1solation gap 116 originally only has a dimension 1n
the x-plane or x-direction.

The first side 108 of the leadframe 104 may correspond to
an iput side of the opto-coupler and the second side 112 of
the leadirame 104 may correspond to an output side of the
opto-coupler. The input side 108 may be configured for con-
nection to a circuit whose current and/or voltage 1s being
measured and the output side 112 may be configured for
connection to measurement and/or control circuitry.

The first side 108 may comprise a plurality of individual
leads 120a-d and the second side 112 may also comprise a
plurality of individual leads 124a-d. In the 1nitial manufac-
turing stages, the individual leads 120a-d, 124a-d may be
connected to one another via connecting portions of the lead-
frame sheet 100. Eventually, these connecting portions will
be cut or removed thereby electrically 1solating the first side
108 from the second side 112. Once the connecting portions
are removed (e.g., the opto-coupler has been singulated or
trimmed), the 1solation gap 116 will correspond to the short-
est distance across an insulating medium between the first
side 108 and second side 112. Thus, the 1solation gap 116 will
also correspond to the creepage distance of the opto-coupler.

As can be seen 1n FIG. 1A, one of the leads on the first side
108 (e.g., second lead 1205) may include an enlarged area as
compared to the other leads. This enlarged area may corre-
spond to an eventual bonding or mounting surface for an
optical component of the opto-coupler. Similarly, the second
side 112 may also comprise one or more leads (e.g., first lead
124a) that has an enlarged area configured to recerve and
support one or more optical components of the opto-coupler.

Although the illustrative leadirame 104 depicted herein
comprises four leads 120a-d on the first side 108 and four
leads 124a-d on the second side 112, embodiments of the
present disclosure are not so limited. Rather, the leadframe
104 may be provided with a greater or lesser number of leads
on either side 108 or 112. Specifically, the first side 108 may
comprise one, two, three, four, five, six, seven, eight, or more
leads. The second side 112 may comprise the same number of
leads as the first side 108 or 1t may comprise either a greater
or lesser number of leads than the first side 112. The specific
configuration of leads on the first and second sides 108, 112
should not be limited to the examples described herein.

The manufacturing process continues with the attachment
of a light source and light detector to the leadirame 104 (step
1108). The attachment process may be performed 1n a couple
of steps and 1s generally depicted 1n FIGS. 2A, 2B, 3A, and
3B. As can be seen 1n FIGS. 2A and 2B, a first step of
attaching the optical components 1s shown where a first adhe-
stve 204 1s applied to the bonding area of lead 1205 of the first
side 108. Additionally, a second adhesive 208 1s applied to the
bonding area of lead 124a of the second side 112. The firstand
second adhesives 204, 208 may be applied simultaneously or
sequentially. In some embodiments, the adhesives 204, 208
may correspond to any type of known adhesive or compound
used to ailix or attach an optical device to metal. It may also
be possible to employ welding, soldering, or similar bonding
techniques that employ conductive materials rather than non-
conductive adhesive materials. Non-limiting examples of the
types of adhesives or adhesive materials that may be used for
the adhesives 204, 208 include thermosetting epoxies, UV
curable epoxies, adhesive tapes, solder, etc.
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In some embodiments, the first adhesive 204 1s applied to
the bonding area of the lead 1205 between the 1solation gap
116 and a first fold line 212. Likewise, the second adhesive
208 1s applied to the bonding area of the lead 124a between
the 1solation gap 116 and a second fold line 216. This means
that both adhesives 204, 208 are positioned between both fold

ines 212, 216.

As depicted in FIGS. 3A and 3B, a light source 304 may be
connected to the first side 108 via the first adhesive 204 and a
light detector 308 may be connected to the second side 112
via the second adhesive 208.

The light source 304 and light detector 308 may be used to

transmit signals across the 1solation gap 116 in the form of
optical signals. The signals transmitted across the 1solation
gap 116 may correspond to electrical signals that are con-
verted into optical signals by the light source 304. The light
detector 308 then converts the optical signals back into elec-
trical signals for transmission across one or more of the leads
124a-d of the second side 112.
In some embodiments, the light source 304 may be a single
light source or a plurality of light sources. Likewise, the light
detector 308 may be a single detector component or multiple
detector components.

In some embodiments, the light source 304 corresponds to
a surface mount LED, a traditional LED (e.g., with pins for
thru-hole mounting), an array of LEDs, a laser diode, or
combinations thereof. The light source 304 1s configured to
convert electrical signals (e.g., current and/or voltage) from
one or more of the leads 120a-d 1nto light. The light emaitted
by the light source 304 may be of any wavelength (e.g., either
in or out of the visible light spectrum).

In some embodiments, the light detector 308 corresponds
to device or collection of devices configured to convert light
or other electromagnetic energy into an electrical signal (e.g.,
current and/or voltage). Examples of a suitable light detector
308 include, without limitation, a photodiode, a photoresis-
tor, a photovoltaic cell, a phototransistor, an Integrated Cir-
cuit (IC) chip comprising one or more photodetector compo-
nents, or combinations thereof. Similar to the light source
304, the light detector 308 may be configured for surface
mounting, thru-hole mounting, or the like.

In some embodiments, one surface of the light source 304
1s an anode and another surface of the light source 304 1s a
cathode. One of the anode and cathode may be electrically
connected to one of the leads 120a-d and the other of the
anode and cathode may be electrically connected to a differ-
ent one of the leads 120a-d. By creating a potential between
the anode and cathode of the light source 304, the light source
304 may be configured to emit light of a predetermined wave-
length. It should be appreciated that not every lead 120a-d
needs to be connected either physically or electrically with
the light source 304.

Like the light source 304, the light detector 308 may be
mounted on one of the leads 124a-d of the second side 112
and may be electrically connected to one or more leads
124a-d of the second side 112. In some embodiments, the
manufacturing process continues by establishing an electrical
connection between the optical components and the leads of
the leadframe 104 such that voltage and/or current at the leads
can be converted into optical energy or vice versa by the
optical components. Accordingly, the light source 304 and
light detector 308 may be connected to one or more of the
leads of the leadframe 104 with one or more wires 404, 408.

Input side wires 404 may be used to carry current from a
lead on the first side 108 to the light source 304. Output side
wires 408 may be used to carry current from the light detector
308 to an output circuit via one or more of the leads 124a-d.
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It should be appreciated that neither the light source 304 nor
the light detector 308 are to be electrically or physically
connected to every lead 120a-d, 124a-d, although such a
configuration 1s possible.

FIG. 4A shows how both mput side wires 404 and output
side wires 408 are provided between the fold lines 212, 216.
In other words, 1t may be advantageous to restrict the wires
from crossing the fold lines 212, 216 as this may ultimately
cause undue stress or tension to be exerted on the wires when
the leads are folded at the fold lines 212, 216.

FIG. 4B shows a simplified view of the output side wires
408. In particular, although there are three output side wires
408 depicted 1n FIG. 4A, FIG. 4B only shows a single output
side wire 408. This 1s not intended to limit embodiments of
the present disclosure, but rather 1s intended to simplify the
embodiments depicted 1n the figures to ease understanding of
the present disclosure.

An optional manufacturing step 1s depicted in FIGS. 5A
and 5B. Specifically, the light source 304 and/or light detector
308 may be partially or completely covered with a protective
material 504 (step 1116). In some embodiments, an optically
transparent or translucent material may be used as the pro-
tective material 504, especially 1f the protective material 504
completely covers an optical component, such as the light
source 304. The protective material 504 may also preferably
comprise non-conductive or msulative properties. Suitable
types of materials that may be used as the protective material
504 include, without limitation epoxy, silicone, a hybrid of
s1licone and epoxy, phosphor, a hybrid of phosphor and sil1-
cone, an amorphous polyamide resin or fluorocarbon, glass,
plastic, or combinations thereof. In some embodiments, the
protective material 504 provides physical protection for the
optical component (e.g., light source 304) as well as the
connection between the wire 404 and the optical component.
However, the protective material 504 does not necessarily
need to cover the entire wire 1n addition to covering the
optical component. Accordingly, the wire 404 may protrude
from the protective material 504 and extend to a different lead
(e.g., lead 120¢).

The next step 1n the manufacturing process may include

one or more folding steps where the leadirame 104, or leads
120, 124 of the leadframe are folded at or about the fold lines

212, 216 (step 1120). FIGS. 6A and 6B depict the opto-
coupler after both leads 120, 124 have been folded at or about
the fold lines 212, 216. In some embodiments, the leads 120,
124 are folded 1n the same direction (e.g., both upward or both
downward) such that both the light source 304 and light
detector 308 are moved away from the original plane of the
leadirame 304 in the y-direction and are not separated by the
original plane of the leadirame 304. In some embodiments,
one or more leads of the first side 108 may be folded 1n one
direction (e.g., upward) while one or more leads of the second
side 112 may be folded in the opposite direction (e.g., down-
ward). This opposite folding may result in the light source 304
being separated from the light detector 308 by the original
plane of the leadirame 304. An example of such a configura-
tion 1s depicted 1n FIG. 12. Yet another possible folding con-
figuration may involve folding one or more leads of one side
(e.g., Tolding one or more of leads 120a-d) and not folding any
leads of the other side (e.g., not folding any of leads 124a-d).

Although FIGS. 6 A and 6B depict the leads 120, 124 being
folded 1n the same direction and being folded to an angle that
1s approximately orthogonal to the original plane of the lead-
frame 104 (e.g., parallel to the y-plane), it should be appre-
ciated that embodiments of the present disclosure are not so
limited. Rather, one or both leads 120, 124 may be folded by

any angle varying between 1 degree and 179 degrees. The
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amount of folding performed in this step may depend on the
maternal properties of the leadframe 104 and whether the
material can undergo signmificant folding without breaking or
inadvertently deforming.

The 90 degree folding configuration of FIGS. 6 A and 6B
may be advantageous when both leads 120, 124 are folded in
the same direction because such a folding configuration may
result 1n the light source 304 directly facing the light detector
308. This direct facing of optical components may help
increase the efficiency with which light transmitted by the
light source 304 1s detected at the light detector 308, thereby
improving the operational behavior of the opto-coupler.

Ascan be seen 1n FIG. 6A, the folding of the leads 120, 124
may establish an enhanced 1solation gap 612. Specifically, the
enhanced 1solation gap 612 1s larger than the original 1solation
gap 116 1n the x-direction or x-plane. The example of FIGS.
6 A and 6B show that the enhanced 1solation gap 612 does not
comprise any substantial dimension in the y-direction or
y-plane, 1 particular, because the leads 120, 124 have been
folded 1n the same direction. It should be appreciated that
such a configuration is not required.

The enhanced 1solation gap 612 helps to increase the creep-
age distance between the leads 120 of the first side 108 and the
leads 124 of the second side 112. More specifically, the
increased 1solation gap 612 may have a distance correspond-
ing to the linear distance between a bonding surface 616 of the
tolded section of the first side 604 and a bonding surface 624
of the folded section of the second side 608. These bonding
surfaces may correspond to the original bonding surfaces of
the leads 120, 124 that were originally 1n the x-plane, but due
to the folding of the leads 120, 124 are now out of the x-plane.
The enhanced 1solation gap 612 can increase the voltage
handling capabilities of the opto-coupler. In some embodi-
ments, voltage capacities can be doubled by simply folding
one or both leads 120, 124. As a non-limiting example, the
enhanced 1solation gap 612 may comprise a distance of
between approximately 2 mm and 7 mm.

Because the enhanced 1solation gap 612 comprises its pri-
mary dimensions in the x-plane (e.g., the original plane of the
leadirame 104 and the major axis of the opto-coupler), 1t 1s
possible to greatly increase the creepage distance without
significantly altering the size of the opto-coupler 1tself or
without sigmificantly complicating the manufacturing pro-
cess of the opto-coupler.

The folded section of the first side 604 may also have a first
opposing surface 620 that opposes the bonding surface 616.
Similarly, the folded section of the second side 608 may
comprise a second opposing surface 628 that opposes the
bonding surface 624. The first opposing surface 620 may
coincide with the first fold line 212 and the second opposing
surface 628 may coincide with the second fold line 216.

After one or both leads 120, 124 have been folded and the
enhanced 1solation gap 612 has been appropriately sized, the
manufacturing process may continue with the application of
a first mold material 704 to the opto-coupler (step 1124).
Specifically, as can be seen 1n FIGS. 7A and 7B, an optically
translucent or transparent first mold material 704 may be
applied around both leads 120, 124 to essentially fix the
relative positions of the leads 120, 124, the optical compo-
nents attached thereto, and the size of the enhanced 1solation
gap 612.

In some embodiments, the first mold material 704 may be
constructed of any polymer or combination of polymers that
are optically translucent or transparent using extrusion,
machining, micro-machining, molding, injection molding, or
a combination of such manufacturing techniques. Further-
more, the first mold material 704 may comprise msulative
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properties, thereby inhibiting the flow of current from the first
side 108 to the second side 112 across the enhanced 1solation
gap 612. In accordance with aspects of the present disclosure,
the first mold material 704 may include a gap 712 1n the
insulation that 1s disposed between the light source 304 and
the light detector 308 of the opto-coupler. The gap 712 may
function as a elfficiency enhancer and/or be configured to
receive one or more optical elements. In some embodiments,
the gap 712 itself may be the efficiency enhancer or optical
clement. Some examples of a elficiency enhancer element
include but are not limited to a lens, light pipe, translucent
gas, translucent tluid, optically clear thermosetting epoxy,
optically clear UV curable epoxy, and/or combinations
thereof. As can be appreciated, the gap 712 or efficiency
enhancer may comprise one or more nonconductive or 1nsu-
lative elements. These elements may be configured to resist
the flow of electric charge.

In accordance with some embodiments of the present dis-
closure, the efficiency enhancer may be designed to minimize
and/or eliminate any coupling losses through the included
gap 712. Using optically clear, transparent, light directing,
and/or focusing elements/lenses may provide better coupling
cificiency than the use of less transparent or diffuse gap 712
clements. As can be appreciated, this arrangement allows for
greater DT1s when compared to conventionally manufactured
opto-couplers. For example, opto-couplers measure the DTI
as the distance between the closest metal of the high voltage
side and the closest metal of the low voltage side within the
opto-coupler. Typically, the msulation of an opto-coupler 1s
placed 1n between this metal-to-metal area. Unfortunately,
the conventional 1nsulation approach (or first mold material
704) can negatively affect the efficiency of an opto-coupler
because the light may be filtered by the 1nsulation material
itself. It 1s an aspect of the present disclosure to balance the
filtering effect of certain insulation material with the translu-
cency of the efficiency enhancer material 1n the gap 712 to,
among other things, increase the achievable D11 of the opto-
coupler. For instance, the present disclosure shows that the
first mold material 704 includes a gap 712 where the filtering
insulation can be reduced to a first insulation area 716 and a
second 1nsulation area 720. In a conventional opto-coupler
the DTIwould have been the sum of some distance across the
first insulation area 716 and the second insulation area 720
alone. In contrast, the present disclosure increases this dis-
tance by including the area that 1s separated by the gap 712
into the calculation.

FIGS. 8A and 8B show a next step 1n the manufacturing
process whereby a first trimming of the leadirame 104 1s
performed (step 1128). In some embodiments, the first trim-
ming step removes certain amounts of materials from the
leadirame 104 to create first trimmed leads 804a-d on the first
side 108 and first trmmed leads 808a-d on the second side
108. The first trimmed leads 804, 808 are still 1n the original
plane of the leadirame 104, but are now sized to be mserted
into a Printed Circuit Board (PCB) or the like.

FIGS. 8C-8E show sectioned side views of embodiments
ol the opto-coupler depicted 1n FIG. 8A. Specifically, the gap
712 of the opto-coupler 1s shown utilizing various elements
and/or manufacturing techmques for different efliciency
enhancer elements in accordance with embodiments of the
present disclosure.

Referring to FIG. 8C a cross-section of an opto-coupler 1s
shown with a gap 712 that 1s disposed 1n a path between the
light source 304 and the light detector 308 in accordance with
at least one embodiment of the present disclosure. As previ-
ously stated, the gap 712 depicted may comprise but 1s not
limited to air, silicone, epoxy, glass, plastic, polymer, trans-
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lucent material, and/or combinations thereof. In some
instances 1t may be beneficial to cover the gap 712 area with
a cap, cover, or seal 816. For example, the gap 712 may
comprise air, a fluid, a cured material, and/or an uncured
material. The cap 816 may prevent contaminants from enter-
ing the gap 712 and aflecting the efliciency of the opto-
coupler where an unwanted substance at least partially blocks
the light path between the light source 304 and the light
detector 308. Additionally or alternatively, the cap 816 may
prevent a second mold material from entering the gap 712 in
subsequent manufacturing and/or molding steps. The cap 816
may be especially usetul in embodiments where the gap com-
prises a gas (e.g., air).

In some embodiments, the gap 712 may remain uncovered
in which case the cap 816 1s excluded from the manufacturing
process. For example, the material comprising the gap 712
area and/or efficiency enhancer may be of suflicient structure
to prevent contaminants and/or a second mold material from
entering the gap 712 area. In other words, the sulficient struc-
ture may be achieved by using at least a partially solid mate-
rial in the gap 712 that can essentially prevent the flow of
foreign material into the light path of the opto-coupler. Alter-
natrvely, 1t may be deemed unnecessary to cover the gap 712
due to a manufacturing technique that may prevent the
entrance of unwanted material into the light path of the opto-
coupler (e.g., techniques such as molding a second mold
material around the first material, where the open end of the
gap 712 1s parallel and directly facing the second mold mate-
rial causing a pressure difference between the gap 712 and the
area outside of the gap preventing the tlow of material into the
gap 712; using a second mold matenal that 1s less dense than
a material that 1s mside the gap 712; and/or combinations
thereol).

FIG. 8D shows a cross-section of an opto-coupler and gap
712 where the gap 712 turther comprises a lens element 820
that 1s interposed in the pathway between the light source 304
and the light detector 308 1n accordance with embodiments of
the present disclosure. The lens element 820 may comprise
one or more light directing features to converge, diverge, or
directly transmit light from one side of the lens element 820 to
the other side. Additionally or alternatively, the lens element
820 may be a fiber optic component designed to act as a
conduit of light from one side of the lens element 820 to the
other including the benefits of fiber optic design. At least one
benelit of utilizing fiber optic elements allows for a majority
of internal retlections of light within the lens element 820 to
be directed through the lens element 820 rather than dissipate
out of an unintended side of the lens element 820. In some
embodiments, the lens element 820 may comprise a combi-
nation of light directing features to achieve a specific light
path characteristic. Moreover, the light directing features of
the lens element 820 may be selected based on efficiency
rating and/or DTT of the opto-coupler.

In some embodiments, the lens element 820 may be held in
place by the sides of the gap 712. In one embodiment, the lens
clement 820 may be 1nitially affixed 1n a first location 1nside
the gap 712 to prevent movement of the lens element 820
within the gap 712. This atfixing of the lens element may be
achieved using similar techniques as previously described
relating to the aflixing of the cap 816. Additionally or alter-
natively, an interposed lens element 820 may include a void,
air path, or space 824 between the lens element 820 and one
or more walls of the gap 712. It 1s anticipated that this space
824 may be filled with an epoxy, UV curable adhesive, sili-
cone, or the like. Among other benefits, filling the space 824
between the lens element 820 and the gap 712 area prevents
undesired movement of the lens element 820 during operation
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and/or manufacturing and may even prevent the entrance of
unwanted substances 1nto the light path during the manufac-
turing or handling process. In some embodiments, the inter-
posed lens element 820 and gap 712 may be covered by a cap
816 as previously described.

Referring now to FIG. 8E, a cross-section of an opto-
coupler and gap 712 including a lens element 820 and
attached housing or mold material 828 interposed in the path-
way between the light source 304 and the light detector 308 1s
shown 1n accordance with embodiments of the present dis-
closure. The lens element 820 may be attached to the housing
828 via one or more operations such as molding, adhering,
clamping, pressure setting, bonding, welding, fastening, and
the like. In some embodiments, the housing 828 may com-
pletely encapsulate the lens element 820. Alternatively, the
housing 828 may be configured to at least partially contain the
lens element 820. In this case, the housing 828 may provide
for open sides to allow the working faces of the lens element
820 to be uncovered, and/or the housing 828 may at least
partially contain an outer edge of the lens element 820.

In one embodiment, the first mold material 704 may be
coniigured to receive the housing 828 and lens element 820
via a molded receptacle area 832. The molded receptacle area
832 may include features to key the location and/or orienta-
tion of the housing 828 and lens element 820. Additionally,
the housing 828 may include features to at least partially
match the key features of the molded receptacle area 832. In
any case, the housing 828 may be aflixed 1n position with the
first mold material 704 via one or more of the following
techniques molding, adhering, clamping, pressure setting,
bonding, welding, fastening, and the like. Included among the
anticipated attachment techniques, 1s an interference, or press
{1t, between at least a portion of the housing 828 and at least
a portion of the molded receptacle area 832. This type of
attachment technique may be used to maintain a substantially
sealed portion within the molded receptacle area 832. Among,
other things, the substantially sealed portion may prevent any
unwanted mold material or debris from entering the molded
receptacle area 832 during and/or after the manufacturing,
process. In some cases, the housing 828 and the lens element
820 may be retained 1n the gap 712 via a cap 816 as previously
described. This cap 816 may be especially usetul in embodi-
ments where an interference {it, press {it, or the like 1s not
employed between the housing 828 and the molded recep-
tacle area 832. For instance, the cap 817 may be used to cover
an open air gap that may exist between the molded receptacle
arca 832 and an outer area of the first mold material 704.

In any of the disclosed embodiments herein, the gap 712
may include features to predict a location, position, and/or
orientation of a lens element 820 during manufacturing and 1n
operation. Specifically, the gap 712 may be configured as a
unique shape, incorporate keying features to receive the lens
clement 820 and/or be configured to receive a lens element
that 1s independent of orientation (e.g., a cubic-shaped lens, a
eificiency enhancer element with at least four optically pol-
ished sides, and the like). Additionally or alternatively, the
gap 712 may be constructed 1n one or more shapes to accept
a lens element 820 or efficiency enhancer 1n only one orien-
tation (e.g., a rectangular opening of the gap 712 and a lens
clement 820 that 1s configured to 1nsert into the gap 712 in a
working orientation and 1n no other orientation).

FIGS. 9A and 9B show a next step 1n the manufacturing
process where a second mold material 904 1s applied around
the first mold material 704 (step 1132). The second mold
material 904 may completely enclose the first mold material
704. In some embodiments, the second mold material 904 1s
insulative and optically opaque. The second mold material
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904 helps to ensure that external light doesn’t reach the opti-
cal cavity of the opto-coupler (e.g., the enhanced 1solation
gap 612 and the first mold material 704). The second mold
material 904 also helps to ensure that light emitted by the light
source 304 does not exit the opto-coupler, thereby 1increasing
the efficiency of optical coupling between the light source
304 and light detector 308.

Thereafter, a second trimming step may be performed (step
1136) to singulate the opto-coupler from the rest of the lead-
frame sheet 100 and then the leads may be finally formed to
create formed leads (step 1140). Specifically, the finally
formed leads may be bent such that the opto-coupler 1s easily
inserted into a PCB or the like. As can be seen 1n FIGS. 10A
and 10B, the first side 108 may comprise a first set of finally
formed leads 1004a-d and the second side 112 may comprise
a second set of finally formed leads 1008a-d. The finally
formed leads 1004, 1008 may be bent or folded away from the
original plane of the leadirame 104 (e.g., to have a dimension
in the y-plane).

Referring now to FIGS. 12-14, a process of manufacturing
an opto-coupler according to a second possible configuration
will be described 1n accordance with embodiments of the
present disclosure. It should be appreciated that the method
steps described herein (e.g., the steps of FIG. 11) may be
performed 1n any order and are not limited to the examples
described herein. Moreover, the method described herein can
be used to manufacture any type of opto-coupler device
described herein, including any intermediate opto-coupler or
alternative opto-coupler configuration (e.g., the opto-coupler
of FIGS. 1-10 or the opto-coupler of FIGS. 12-14).

With reference now to FIG. 12A, a top view of an inte-
grated lens opto-coupler 1 a fifth manufacturing step 1is
shown 1n accordance with embodiments of the present dis-
closure. Although depicted 1n a fifth manufacturing step of the
process, the inclusion of a protective material 504 with the
integrated lens opto-coupler 1s similarly optional as described
above and 1n FIGS. 5A and 5B. The integrated lens opto-
coupler 1s similar 1n construction to the first configuration of
opto-coupler previously disclosed, but further includes a lens
support area 1216 as a part of the leadirame 104. In some
embodiments, the lens support area 1216 may be attached to
the input side 108 and/or output side 112 of the opto-coupler.
Alternatively, the lens support area 1216 may be 1solated from
the 1nput side 108 and/or the output side 112 of the opto-
coupler (e.g., the lens support area 1216 may be center-
spanned between the mput side 108 and the output side 112).
In addition or alternatively, the lens support area 1216 may be
cantilevered from one or more sides of the leadirame 104. It
1s an aspect of the present disclosure that the lens support area
may include one or more features to contain a lens element
820. For example, the leadirame may include a first tab 1208
and a second tab 1212 that can be used to cradle at least a
portion of the lens element 820. In one embodiment, the first
tab 1208 may be folded at or about a first tab fold line 1218
and the second tab 1212 may be folded at or about a second
tab fold line 1222. Consistent with lens positioning and
attachment techniques, the first and second tabs 1218, 1222
may be folded such that the angle between the faces of the tabs
1218, 1222 positively locates the lens 1n a given position and
even exactly constrain at least a portion of the lens element
820. In one embodiment, the optimal angle between the faces
of the tabs 1218, 1222 may be between 45 and 125 degrees. In
other embodiments, 1t 1s anticipated that the tabs 1218, 1222,
if used, may be arranged at an angle between the tab faces
anywhere 1n the range of 1 to 179 degrees).

In some embodiments, the lens support area 1216 may
include a cutout to recerve a lens element 820. For example, a
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portion of the lens support area 1216 may include a hole or
cutout 1in an area adjacent to the light source 304 and/or light
detector 308. A lens element 820 may be configured to be
s1zed larger than this hole, or cutout, such that when the lens
clement 820 1s inserted into the hole or cutout at least one side
of the hole or cutout prevents the lens element 820 from
passing completely through the opening. As can be appreci-
ated, this hole, or cutout, can positively locate a lens element
820 1n a position within the light path of the opto-coupler.
The next step 1n the manufacturing process may include

one or more folding steps where the leadiframe 104, or leads
120, 124 of the leadframe are folded at or about the fold lines

212, 216 (step 1120). FIGS. 13A and 13B depict the opto-
coupler after leads 120, 124 have been folded at or about the
fold lines 212, 216. In contrast, the lens support area 1216 and
any lead to which 1t may connect can remain unfolded. As
previously disclosed, the tabs 1208, 1212 may be folded at or
about the fold lines 1218, 1222 to form angled tabs 1310,
1314 in the y-direction. In some embodiments, the leads 120,
124 are folded 1n the same direction (e.g., both upward or both
downward) such that both the light source 304 and light
detector 308 are moved away from the original plane of the
leadirame 304 in the y-direction and are not separated by the
original plane of the leadirame 304. Additionally or alterna-
tively, the angled tabs 1310, 1314 may be 1n the same direc-
tion as the leads 120, 124 (e.g., both upward or both down-
ward). In some embodiments, one or more leads of the first
side 108 may be folded 1n one direction (e.g., upward) while
one or more leads of the second side 112 may be folded in the
opposite direction (e.g., downward). This opposite folding
may result in the light source 304 being separated from the
light detector 308 by the original plane of the leadirame 304.
In this case, the lens support area 1216 and/or the connection
to 1t may be folded at such an angle as to keep the lens element
820 1n the light path of the opto-coupler. Yet another possible
folding configuration may involve folding one or more leads
of one side (e.g., folding one or more of leads 120a-d) and not
tolding any leads of the other side (e.g., not folding any of
leads 124a-d)

Although FIGS. 13A and 13B depict the leads 120, 124
being folded in the same direction and being folded to an
angle that 1s approximately orthogonal to the original plane of
the leadirame 104 (e.g., parallel to the y-plane), it should be
appreciated that embodiments of the present disclosure are
not so limited. Rather, one or both leads 120, 124 may be
folded by any angle varying between 1 degree and 179
degrees. The amount of folding performed 1n this step may
depend on the material properties of the leadirame 104 and
whether the material can undergo significant folding without
breaking or inadvertently deforming. The same holds true for
the folds of the tabs 1208, 1212, if they are indeed folded.
FIG. 13B shows the second tab 1314 of the leadirame folded
into a first position to receive and/or capture a lens element
820 1n the enhanced 1solation gap 612.

The 90 degree tolding configuration of FIGS. 13A and 13B
may be advantageous when both leads 120, 124 are folded 1n
the same direction because such a folding configuration may
result 1n the light source 304 directly facing the light detector
308. This direct facing of optical components may help
increase the efficiency with which light transmitted by the
light source 304 1s detected at the light detector 308, thereby
improving the operational behavior of the opto-coupler.
Among other things, the direct facing of optical components
may further assist in the manufacturing process of the inte-
grated lens opto-coupler (e.g., making the integration of a
lens element 820 between the light source 304 and the light
detector 308 a direct and even orthogonal operation). In other
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words, the assembly process can utilize well known tech-
niques 1n the assembly of components including but not lim-
ited to gravity dependent orientation and/or capture, direct
component feed lines, pick-and-place systems, vacuum grip-
ping, automated UV curing, and the like.

Referring to FIG. 13C a side view of the opto-coupler with
attached lens element 820 1s shown in accordance with
embodiments ol the present disclosure. In at least one
embodiment, a lens element 820 may be aflixed to the lead-
frame 104 using any of the aforementioned attaching tech-
niques including but not limited to molding, adhering, clamp-
ing, pressure setting, bonding, welding, fastening, and the
like. In some embodiments, the lens element 820 may be
introduced to the leadframe 104 and captured by the tabs
1310, 1314 prior to being bonded 1n place by a first mold
material 704.

FIG. 14 A 1s atop view of an integrated lens opto-coupler in
a seventh manufacturing step in accordance with embodi-
ments of the present disclosure. Specifically, an optically
translucent or transparent first mold material 704 may be
applied around both leads 120, 124 to essentially fix the
relative positions of the leads 120, 124, the optical compo-
nents attached thereto, including an inserted lens element
820, and the si1ze of the enhanced 1solation gap 612. As can be
seen 1n the sectioned view of FIG. 14B a lens element 820 1s
shown interposed 1n a position between the light source 304
and the light detector 308 of an opto-coupler. The first mold
material 1s shown at least partially covering the lens element
820. As can be appreciated, the lens element 820 described 1n
the first embodiment o the opto-coupler 1s substantially simi-
lar to the lens element 820 described 1n the integrated lens
opto-coupler. For example, both opto-coupler embodiments
utilize a gap disposed between the light source 304 and light
detector 308 of the opto-coupler. In both instances, the gap 1n
the msulation of the opto-coupler may be used to, among,
other things, minimize the amount of first mold material 704
between the light source 304 and the light detector 308 and
thereby increase the efficiency of an opto-coupler accommo-
dating a large DTI.

Several embodiments disclosed herein refer to folding

steps that are involved 1n a manufacturing process, where the
leadframe 104, or leads 120, 124 of the leadirame 104 are

tolded at or about fold lines 212, 216. It should be appreciated
that these folding steps may be performed prior to presenting,
a light source 304 and/or light detector 308. As can be
expected, the light source 304, light detector 308, and/or any
other assembly feature may be introduced to a pre-folded
leadirame, or lead(s), and the manufacturing process may
continue as described. In some embodiments, a leadframe
104, or one or more leads 120, 124, may be folded 1n a
separate manufacturing process and presented to the manu-
facturing process to recerve at least one of a light source 304,
light detector 308, lens element 820, housing 828, first mold
material 704, and second mold matenial. In any event, the
manufacturing process may use a pre-folded leadirame from
the first step of the manufacturing process disclosed herein.

Although embodiments of the present disclosure do not
show the leads as having a specific configuration, it should be
appreciated that the leads or relevant sections protruding from
the second mold material may comprise any type of known,
standardized, or yet-to-be developed configuration such as
straight-cut leads, J leads, SOJ leads, gullwing, reverse gull-
wing, etc.

Additionally, although only single channel opto-coupler
devices have been depicted and described herein, 1t should be
appreciated that embodiments of the present disclosure are
not so limited. In particular, it 1s contemplated that opto-
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coupler devices having one, two, three, four, five, six, . . .,
twenty, or more channels may be created with enhanced 1so-
lation gaps without departing from the scope of the present
disclosure.

Specific details were given 1n the description to provide a
thorough understanding of the embodiments. However, 1t will
be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific details.
In other instances, well-known circuits, processes, algo-
rithms, structures, and techniques may be shown without
unnecessary detail i order to avoid obscuring the embodi-
ments.

While illustrative embodiments of the disclosure have been
described 1n detail herein, it 1s to be understood that the
inventive concepts may be otherwise variously embodied and
employed, and that the appended claims are intended to be

construed to include such variations, except as limited by the
prior art.

What 1s claimed 1s:

1. An opto-coupler device, comprising:

a leadirame comprising one or more mput leads that are
clectrically 1solated from one or more output leads;

a light source mounted to a bonding surface of a first lead,
the first lead being in the one or more 1put leads,
wherein the light source 1s configured to emait light via a
first exposed surtace;

a light detector mounted to a bonding surface of a second

lead, the second lead being in the one or more output

leads, wherein the light detector 1s configured to detect
light via a second exposed surface;

an enhanced 1solation gap establishing an optical volume
between the light source and light detector;

a first mold matenal provided adjacent to at least one of the
light source and the light detector, wherein the first mold
material 1s at least partially within the enhanced 1sola-
tion gap; and

an elficiency enhancer interposed 1n at least a portion of the
enhanced 1solation gap.

2. The opto-coupler device of claim 1, wherein the elli-
ciency enhancer 1s affixed to at least one of the one or more
input leads and the one or more output leads of the leadirame.

3. The opto-coupler device of claim 1, wherein the elli-
ciency enhancer comprises an optical coupling efficiency that
1s greater than an optical coupling efficiency of the first mold
material.

4. The opto-coupler device of claim 1, wherein the efli-
ciency enhancer 1s configured as an interrupted volume
within the first mold matenal.

5. The opto-coupler device of claim 4, further comprising:

a light-directing element operatively positioned at least
partially within the interrupted volume of the first mold
material.

6. The opto-coupler device of claim 5, further comprising:

an element housing, wherein the element housing 1s con-
figured to capture the light-directing element, and
wherein the element housing 1s operatively attached to at
least one of the leadirame and first mold matenial.

7. The opto-coupler device of claim 4, further comprising:

a first cap, wherein the first cap 1s configured to cover an
open area of the mterrupted volume, and wherein the
first cap comprises a polymeric matenal.

8. The opto-coupler device of claim 1, further comprising:

a second mold material that surrounds the first mold mate-
rial, the second mold material being substantially opti-
cally opaque.
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9. An opto-coupler device, comprising:

a leadframe comprising one or more input leads that are
clectrically 1solated from one or more output leads;

a light source configured to emit light according to electri-
cal signals received from the one or more input leads,
wherein the light source 1s mounted to a bonding surface
of a first lead, the first lead being 1n the one or more 1put
leads;

a light detector configured to detect light emitted by the
light source and convert the detected light into electrical
signals for transmaission by the one or more output leads,
wherein the light detector 1s mounted to a bonding sur-
face of a second lead, the second lead being 1n the one or
more output leads;

a first mold material provided between the light source and
the light detector, wherein the first mold material 1s at
least partially translucent;

an enhanced isolation gap established between the first
lead and the second lead and corresponding to a shortest

linear distance between the first lead and second lead,
wherein at least one of the first and second lead are
folded such that the light source 1s facing the light detec-
tor; and

an elficiency enhancer interposed between the light source

and the light detector, the efficiency enhancer compris-
ing at least a portion of the enhanced 1solation gap, and
wherein the efficiency enhancer 1s at least partially trans-
parent.

10. The opto-coupler device of claim 9, wherein the effi-
ciency enhancer 1s electrically nonconductive and 1s aflixed to
the leadirame 1n an orientation substantially orthogonal to a
path of light emitted from the light source.

11. The opto-coupler device of claim 10, wherein the first
mold material at least partially covers the efliciency enhancer.

12. The opto-coupler device of claim 10, wherein the eifi-
ciency enhancer comprises a lens.

13. The opto-coupler device of claim 9, wherein the {first
mold material comprises a void, the void being a volume
interposed between the light source and the light detector.

14. The opto-coupler device of claim 13, wherein the void
comprises the efficiency enhancer.
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15. The opto-coupler device of claim 14, wherein the etfi-
ciency enhancer comprises at least one gas.

16. The opto-coupler device of claim 14, wherein the effi-
ciency enhancer comprises at least one light-directing ele-
ment positioned 1n the void and configured to redirect light
emitted from the light source.

17. The opto-coupler device of claim 16, further compris-
ng:

a housing affixed to the light-directing element and con-
figured to attach to the first mold material and orient the
light-directing element within the void.

18. The opto-coupler device of claim 14, further compris-

ng:

a void cap, wherein the void cap 1s aflixed to the first mold
material and configured to at least one of partially cover
an open area of the void and retain the efficiency
enhancer.

19. An opto-coupler manufactured by a method, the

method comprising:

recerving a leadframe having an mput side and an output
side separated by a first 1solation gap, the first 1solation
gap corresponding to a first shortest distance between
the input side and the output side;

attaching a light source to the 1nput side;

attaching a light detector to the output side;

clectrically connecting the light source to the iput side
with one or more mput side wires;

clectrically connecting the light detector to the output side
with one or more output side wires;

positioning an elficiency enhancer at least partially within
the first 1solation gap between the light source and the
light detector; and

providing a first mold material about the light source and
light detector, wherein the first mold material 1s arranged
to at least partially surround the efficiency enhancer.

20. The method of claam 19, wheremn the efficiency
enhancer 1s mounted to at least one of the mput side and the
output side of the leadirame prior to providing the first mold
material.
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